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Abstract
Objectives The aim of this study was to gain insight in the oral
health of persons aged 65 years or more.
Materials and methods Data were obtained from 652 vulner-
able older persons (≥65) by means of a clinical oral examina-
tion. Additional demographic data were gathered including
age, gender, residence, and care dependency.
Results The mean age of the total study sample was 83
(7.7) years and 71 % was female. Nearly 33 % of the sample
was living at home with support, and 67 % was residing in
nursing homes. The number of occluding pairs was low and the
proportion of edentulous people was highest among persons
with the highest care dependency. The mean Decay-missing-
filled teeth index (DMFT) was 20.3 (9.0). A prosthetic treat-
ment need and inadequate oral hygiene levels were observed in
40 % and more than 60 % of the subjects, respectively. The
highest treatment need was observed in the oldest age group
and the highest mean dental plaque in older persons with the
highest care dependency.
Conclusions The oral health in frail older people in Belgium
is poor. The restorative and prosthetic treatment need is high
and oral hygiene levels are problematic. Age, residence, and
care dependency seemed to have some influence on oral
health parameters.
Clinical significance In the long term, the most important
future challenge of oral health care policies is to identify older
adults before they begin to manifest such oral health deterio-
ration. Regular dental visits should be strongly promoted by
all (oral) health care workers during the lifespan of all persons
including older adults.
Keywords Oral health . Treatment need .Vulnerable elderly .
Epidemiological study
Introduction
Worldwide, the absolute number and proportion of older peo-
ple within society is increasing and will continue to do so for
the next century. This phenomenon is occurring also in
Belgium, accompanied by an expected (until 2050) significant
increase in the number of older people with disabilities [1]. On
March 31, 2007, 257,000 older Belgians (2.4 % of the total
population) were eligible to receive remunerated health care
based on their care dependency. Of these, 53 % (136,830)
were residing at home supported by home care and 47 %
(120,170) were living in nursing homes [2].
A nursing home is an intramural residential setting where
physically or mentally impaired, frail older people live and
receive both personal and nursing care provided by registered
nurses and care-aides [3]. In Belgium, intramural care is well
organised by the over 1600 nursing homes across the country.
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Nevertheless, the Belgian authorities want to ensure that older
people are provided with a service that enables them to live for
as long as they can in their own homes. Nevertheless, once
staying at home with home care is no longer an option, admis-
sion to a nursing home is in most cases inevitable. Relative to
their care dependency, older people residing in nursing homes
are entitled to receive daily care, including oral health care.
The rationale for including oral health care is based upon oral
health being an essential and integral part of the general health
with an impact on the quality of life during a person’s lifespan.
TheWorld Oral Health Report 2003 [4] outlines important prin-
ciples for disease control and oral health promotion in the
twenty-first century, as oral health is a determining factor for
quality of life and is strongly associated with general health.
These principles remain important until the end of life. Yet,
oral health is often neglected in general health promotion.
In Belgium, very few data have been published on the dental
status of older people. In Flanders, about 53 % of individuals
aged 65 years or more has retained natural teeth [5]. This pro-
portion drops to 36 % among nursing home residents [6]. This
proportion is comparable to that in the Netherlands (30 %) [7]
and Norway (34 %) [8] but lower than that in Sweden (58 %)
[9], Italy (57%) [10], andGermany (47%) [11] andmuch lower
than that in France (73 %) [12]. Common highly prevalent oral
health problems in older people are tooth decay (especially root
surface decay), gingival inflammation, denture-related oral
mucosal lesions, and hypo-salivation [13–25]. The medical,
dental, and nursing literature provides strong evidence that
adequate oral hygiene is an important determining factor for
oral health. Studies, performed in different European countries,
reveal inadequate levels of oral hygiene in the institutionalised
older people [6, 7, 9–11, 17, 19, 21, 24].
In Belgium, like in many countries worldwide, there is a
growing concern about the oral health of older people. In
2010, a national survey on the oral health of persons with
special needs (people with disabilities and frail older people)
was conducted by the Dental Association (VVT) and the uni-
versities of Ghent and Leuven. This national survey was or-
dered by the National Institute for Health and Disability
Insurance (NIHDI) to monitor the oral health of groups with
special needs including vulnerable older people in all three
regions in Belgium (Flanders, Brussels, and Walloon).
Epidemiological oral health data on children and adults with
disabilities were recently reported [26–28].
The aim of the present study was to gain insight in the
oral health data of older persons aged 65 years or more.
The oral health aspects of interest were the dental and
prosthetic status, the restorative index, and the prosthetic
treatment need along with the dental and denture hygiene
levels. Additionally, the aim was rendered into the follow-
ing research question: is there any statistically significant
difference between oral health parameters depending on
age, gender, residence, and care dependency?
Material and methods
Population and study sample
All persons aged 65 years or more residing in a nursing home
or at home and supported by domiciliary care and eligible for
remuneration based on the Katz index [29] formed the target
study population (±257,000). All these persons were consid-
ered frail older persons belonging to special needs groups.
Persons in a temporary care dependency situation or persons
in the geriatric, psycho-geriatric, or revalidation wards of hos-
pitals were excluded from the study.
The sampling procedure took into account the proportion
of persons residing at home (53 %) or in nursing homes
(47 %) in the Belgian population both depending on three
different managerial umbrellas (private non-profit with an ec-
clesiastic background, social services, commercial) and the
geographical distribution (10 provinces) predetermined by
the immediate surroundings of the dental examiners.
The sample was selected by a two-level randomised de-
sign. The selection was randomised first according to the dif-
ferent care organisations and, second, according to the indi-
viduals within the organisations. Care organisations were se-
lected at random, with a replacement strategy, from a database
containing all care organisations in Belgium. Finally, 18 nurs-
ing homes in Flanders and 28 in Brussels and the Walloon
region agreed to participate, together with 26 home care orga-
nisations in Flanders and two in Brussels and the Walloon
region. Under the second step, it was intended to select at
random 895 older persons belonging to these 74 care organi-
sations, taking into account loss to follow-up at the time of
clinical examination. Eight to 15 older persons in each care
organisation were selected to participate to the study. A re-
placement procedure was provided in cases of refusals.
Clinical examinations
Each participant gave written informed consent for the clinical
examination undertaken by one of the 40 (26 Dutch speaking
and 14 French speaking) qualified and calibrated dentists re-
cruited for this survey. Room illumination was supported by
an eight light-emitting diode advanced headlight and a dental
mouth mirror. A conventional periodontal probe was
employed. Clinical data with respect to oral infections and oral
functionality were recorded on a standard examination sheet.
The level of oral functionality was defined as the maintenance
of masticatory ability and efficiency while preserving the
health of soft and hard tissues counting the number of occlud-
ing pairs. The examination included dental status, exposed
root surfaces, loss of hard tooth substance (erosion, abrasion,
and attrition), Dutch periodontal screening index (DPSI) [30],
oral mucosal conditions, oral hygiene, number of occluding
pairs, prosthetic status, and prosthetic need.
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The dental status was examined following a detailed dental
charting. Possible coding for natural teeth was sound,
decayed, restored with decay, restored without decay, extract-
ed because of decay, extracted for other reasons, sealed, pres-
ence or replacement by crown/veneer/abutment/pontic, trau-
ma, residual root, not registered, or not possible to register.
The D3MFT and the restorative index (F/D + F) were cal-
culated from the clinical parameters obtained by the dental
status assessment. For the analysis, the restorative index was
dichotomised in 1 (fully restored) or less than 1 indicating
treatment need. The condition of the root surfaces of the nat-
ural teeth (with exclusion of residual roots) was assessed reg-
istering the number of sound exposed roots and the number of
exposed roots with decay or fillings. In addition, the number
of dental implants was registered. Loss of hard tooth substance
was registered by indicating the presence (yes/no) of erosion,
abrasion, and attrition separately.
The DPSI31 screens subjects with minor, moderate and
severe periodontal disease. DPSI is scored per sextant and
uses the following scores: 0—healthy; 1—bleeding on prob-
ing with pockets ≤3 mm, no calculus, no overhangs of resto-
rations; 2—bleeding on probing, calculus and/or overhanging
restorations with pockets ≤3 mm; 3−—pockets of 4 to 5 mm
without gingival recession; 3+—pockets of 4 to 5 mm with
gingival recession; and 4—pockets ≥6 mm. Periodontal dis-
ease was defined as a DPSI > 0.
Oral mucosal conditions were registered by ticking one or
more of the following lesions: denture ulcer, irritation fibro-
ma, flabby ridge, palatal hyperaemia, hyperkeratosis of the
inner site of the cheeks, white lesions not removable by rub-
bing with gauze, cheilitis angularis, aphthous lesion(s), fistula,
others, no lesion, and not possible to register.
The number of functional occluding pairs of natural teeth
was calculated by summing each pair of premolars or molars
in occlusion. In patients with removable dentures, the number
of functional occluding pairs was assessed with dentures.
Fixed crowns or bridges were counted as natural teeth and
third molars were included.
The prosthetic status was assessed separately for the upper
and lower jaws, registering one of the following possibilities:
no denture, one bridge, more than one bridge, bridge(s) and
acrylic resin-based denture, bridge(s) and metal frame partial
denture, only acrylic resin-based denture, only metal frame
partial denture, fully removable denture, any kind of remov-
able denture but not worn, and not possible to register.
The prosthetic treatment needwas registered by ticking one
of following possibilities for the upper and lower removable
denture separately: denture renewal is necessary, denture re-
newal is advisable, denture renewal is not indicated, denture
relining or rebasing is necessary, denture relining or rebasing
is advisable, denture relining or rebasing is not indicated, den-
ture repair is indicated, and not possible to register.
Oral hygiene was scored for the natural teeth and dentures
separately. For the natural teeth, an ordinal score was used
according to the Silness and Löe plaque index (range 0 to 3;
0 = no plaque, 1 = plaque seen in situ only after using a probe
on the tooth surface, 2 = moderate accumulation of visible
plaque near the gingival border, and 3 = more than one third
of the buccal surface covered with visible plaque) [31]. The
measurement of the state of oral hygiene by the Silness-Löe
plaque index was based on recording the soft debris deposits
on the Ramfjord teeth, if present. Denture plaque on the oral
and mucosal surfaces of the dentures was scored using a mod-
ified Augsburger [32] technique using four possible scores: no
visible plaque, less than 25 % of the surface covered, less than
50 % covered, and more than 50 % covered. According to the
instructions, no disclosing solution was used for both dental
and denture plaque. Furthermore, the presence (yes/no) of
dental and denture calculus was registered.
Additional demographic data were gathered including age,
gender, language (Dutch or French), and care dependency.
The latter was obtained from the care organisations which
all use the Katz index. This index is a tool assessing the res-
idents’ ability to perform the activities of daily living—bath-
ing, dressing, toileting, transferring, continence, and feed-
ing—and any cognitive impairment (Table 1).
Dental examiners
Before the start of the survey, all the dentists recruited were
trained and calibrated. The clinical examination parameters
were comprehensively explained and discussed using clinical
Table 1 Categories of care dependency based on the Katz index [29]
Category O Nearly physically independent and not demented
Category A Physically dependent for bathing and/or dressing
Mentally independent but disoriented in time and space
Category B Physically dependent for bathing, dressing, transferring and/or toileting Mentally dependent, disoriented in time and space
Category C Physically dependent for bathing, dressing, transferring and/or toileting and/or feeding, and incontinent
Mentally dependent, disoriented in time and space
Category Cd Physically dependent for bathing, dressing, transferring and/or toileting and/or feeding, and incontinent.
Mentally dependent, disoriented in time and space
Diagnosis of dementia on specialised diagnostic criteria for dementia performed by a specialist physician
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cases illustrated by photographs. At the end of the training
session, all participating dentists were asked to register inde-
pendently eight cases for just the relevant parameters.
Afterwards, the exact scores of the eight cases were discussed
with the participants. Inter-examiner reliability was tested
comparing the individual data of the dentists with a reference
standard (JV, last author). Kappa and an intra-class correlation
coefficient were calculated for categorical and continuous pa-
rameters, respectively. The DPSI could not be scored on clin-
ical photographs.
The reliability values for denture calculus, prosthetic status,
denture plaque, loss of tooth substance, number of exposed
roots, prosthetic treatment need, oral mucosal condition, and
dental calculus ranged from 1.0 to 0.5 representing an excel-
lent to fair agreement. Poor agreement (0.3) was found for
dental status and the number of occluding pairs.
The study was approved by the Ethical Committee of the
University Hospital of Ghent (2010/126).
Statistics
All data were converted into SAS® files, which were analysed
using SAS software version 9.2 (SAS Institute Inc. 2009;
Cary, NC). Taking into account all different selection param-
eters (living situations, managerial umbrellas, regions, prov-
inces, care dependency levels, age, and gender), recording
exact selection probabilities was not feasible. Therefore, no
weighted analysis is performed and data are analysed assum-
ing to be a random sample.
Chi-square, Kruskal–Wallis, and t tests were performed in
order to evaluate the statistical significance of observed differ-
ences between subgroups. For all statistical tests, p values
below 0.05 were considered statistically significant.
Results
General characteristics
Data were recorded from 686 disabled individuals 65 years of
age or more—a response rate of 76.6 % with respect to the
selected number of 895 individuals. Finally, complete data
records of 652 persons could be used for the analyses. The
mean age of the total study sample was 83.0 (SD 7.7) years
and 71 % was female (Table 2). The proportion of female
participants increased with age, reaching nearly 80 % in the
oldest (> 89) age group. The analysis showed that 66 % of the
persons examined were Dutch speaking, while French was the
mother tongue of 34 %. These proportions correspond closely
to the proportion of Dutch (62%) and French (38%) speaking
persons in Belgium (http://www4.vlaanderen.be/dar/svr/
Cijfers/Pages/Excel.aspx). Nearly 33 % of the sample lived
at home supported by domiciliary care and 67 % was
residing in nursing homes. Forty-seven percent of the exam-
ined persons were characterised by a low care dependency
according to the Katz index O or A, while 53 % was highly
dependent (Katz index B, C, or Cd). The proportion of older
people with a high care dependency (B, C, or Cd) was 62 %
among the nursing home residents and 21 % among the indi-
viduals residing at home supported by domiciliary care.
Dental status
Sixty-eight percent (n = 314) of the study sample was dentate
with a mean number of 7.7 teeth (SD 8.5) (Table 3). The
proportion of edentate persons was highest (36 %) in the
oldest age group (> 89); this compares to 26% in the youngest
age group. More nursing home residents (35.7 %) were eden-
tulous as compared to their counterparts residing at home sup-
ported by domiciliary care (24.2 %) (p = 0.006).
The mean number of teeth (residual roots excluded) was
higher in the lower jaw 4.3 (SD 4.5) compared to the upper
jaw 2.9 (SD 4.3). Although not significant, the number of
teeth tended to decrease with increasing care dependency with
a mean of 9 (SD 8.8) remaining teeth for the least dependent
(O) and 6.3 (SD 8.0) for the highest dependent persons (CD).
With respect to infection control, the oral health status of the
hard and soft tissues was examined. In only 15 of 460 dentate
older persons, a D3MFT = 0 was calculated. The mean D3MFT
was 20.3 (SD 9.0). As expected, the proportion of the M com-
ponent was the highest as compared to the D and F components,
with an increasing D3MFT towards the oldest age group. A
restorative index of less than one, indicating a need of treatment,
was observed in 77 % of the dentate study sample.
Of all participants, attrition was observed in 44 % and
abrasion in 22 % of the cases. Erosion could only be detected
in one out of ten of the persons examined. The proportions
with attrition (47 %) and abrasion (34 %) were highest in the
oldest age group. Exposed root surfaces (Table 3) were found
in more than 70 % of the dentate older individuals with 9 out
of 10 individuals with exposed root surfaces in the age groups
of 65 to 79 years old (not significant (NS)). For nearly 50% of
all remaining teeth, in all the persons examined, the root sur-
faces were exposed. At least one root surface was restored or
decayed in 40 % of the dentate cases, and this proportion was
highest in the oldest group. Twenty implants were found dis-
tributed over 11 individuals: one implant in the upper jaw in
two persons and one implant in the lower jaw in four persons.
Two implants were found in three persons and two persons
had four implants.
Periodontal disease was present in 87 % of the dentate
older persons: 18 % with score 1 and 33 % with score 2.
Within the study sample, DPSI values of B3−^ (8 %), B3+^
(22 %), and B4^ (6 %) were scored as the highest DPSI value
in 36 % of the dentate older individuals, indicating the need
for periodontal surgery.
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Table 2 Demographic
characteristics of study sample ≥65 years n = 652 65–79 years n = 185 80–89 years n = 366 >89 years n = 101
Age (years)
Median 83.0 75.0 84.0 92.0
IQR Q1–Q3 79.0–88.0 71.0–78.0 82.0–87.0 90.0–96.0
Mean (SD) 83.0 (7.7) 74.0 (4.6) 84.4 (2.8) 94.2 (5.7)
Gender (%)
Female 70.5 55.7 74.3 83.8
Male 29.5 44.3 25.7 16.2
Language (%)
Dutch 66.1 68.7 65.9 62.4
French 33.9 31.4 34.2 37.6
Table 3 Dental status, restorative index, and root surface condition
Age groups
≥65 years
n = 462
65–79 years
n = 146
80–89 years
n = 254
>89 years
n = 62
Number of natural teeth*
Mean (SD) 6.9 (8.1) 8.0 (8.9) 6.9 (7.9) 4.4 (5.5)
Median 4.0 5.0 3.0 3.0
0 teeth (%) 36.0 32.0 37.0 42.0
1–9 teeth (%) 34.0 36.0 31.0 42.0
10–20 teeth (%) 21.0 18.0 24.0 15.0
>20 teeth (%) 9.0 14.0 8.0 1.0
D3MFT n = 460 n = 146 n = 252 n = 62
Mean (SD) 20.3 (9.0) 18.5 (9.4) 21 (8.6) 21.8 (8.8)
Median 24.0 21.0 25.0 27.0
Proportion = 0 (%) 3.3 6.6 2.0 2.0
D3
Mean (SD) 1.8 (3.11) 1.7 (2.6) 1.9 (3.3) 1.9 (3.3)
Median 0.0 0.5 0.0 0.0
M
Mean (SD) 16.7 (10.7) 14.8 (10.5) 17.2 (10.7) 18.8 (10.3)
Median 19.5 17.0 20.0 23.0
F
Mean (SD) 1.8 (3.3) 1.9 (3.5) 1.9 (3.4) 1 (2.3)
Median 0.0 0.0 0.0 0.0
Restorative index** n = 282 n = 94 n = 153 n = 35
Mean (SD) 45.1 (41.5) 45.1 (41.7) 47 (41.6) 39.9 (40.7)
Median 43.0 48.0 50.0 25.0
Proportion <1 (%) 77.0 78.0 76.0 8.03
Root surface condition
Mean number remaining teeth 10.0 11.0 11.0 7.0
Persons (%) with exposed root surfaces 71.0 90.0 77.0 78.0
Mean number of teeth with exposed root surfaces (SD) 5.0 (6.0) 5.0 (6.0) 5.0 (6.0) 6.0 (6.0)
Persons (%) with restored/decayed root surfaces 42.0 40.0 42.0 45.0
Mean number of teeth with restored/decayed root surfaces (SD) 1.0 (3.0) 1.0 (2.0) 1.0 (3.0) 1.0 (2.0)
*Residual roots excluded; **restorative index = F/D + F
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Mucosal condition
In nearly one out of four persons, 65 years of age or more, one
or more oral mucosal lesions were observed (Table 4). The
most frequently observed mucosal pathologies in the study
sample were denture pressure ulcers (10 %), other mucosal
lesions (8.5 %), cheilitis angularis (5.6 %), and flabby ridge
(5.2%). Small but not significant differences in the prevalence
of oral mucosal lesions were ascertained between men and
women. The most prominent difference was observed in the
prevalence of cheilitis angularis with 8.1 % for men and 4.5 %
for women.
Functionality
The threshold of 21 or more remaining teeth [33] was count-
ed in 10 % of nursing home residents and 13 % of older
people living at home (NS). In nearly one third of both den-
tate and edentate persons of 65–79 years, no occluding pairs
were present; for the age groups 80–89 and >89, these pro-
portions were 29 and 28 %, respectively. In the 65- to 79-
year-old age group, one (2 %), two (6 %), or three (8 %)
occluding pairs were present in 16 % of the cases, and this
proportion decreased with age to 12 % for the 80–89-year-old
age group and 8 % for the >89-year-old age group (NS). The
highest proportions were observed for persons with 8 occlud-
ing pairs resulting in a proportion of 32 % in the age group
65–79 and 40 % in the age group 80–89 and >89. In dentate
people of 65 years of age or older, no occluding pairs were
observed in 43 % of the cases; 22 % showed one or two
occluding pairs, 21 % showed three or four occluding pairs,
and only 14 % functioned with more than four occluding
pairs. The mean number of teeth restored by fixed crowns
or bridges was less than 0.71.
Prosthetic status
The proportion of older people wearing a complete denture in
the upper and lower jaws increased with age (Table 5). For
nearly three out of four individuals over 89 years of age, a
complete denture was observed in the upper jaw and, in half of
the cases, a complete denture was present in the lower jaw.
Additional analyses, not reported in the tables, revealed that in
40 % of the study sample, a complete denture was present in
both the upper and lower jaws. The proportions of persons
with complete dentures in both jaws tended to increase with
increasing age, with 31 % for those 65–79 years, 42 % for
those 80–89 years, and 50 % for those >89 years (NS). This
was also true for the objective treatment need, with 53% (235)
of the upper dentures and 47 % (208) of the lower dentures
needing renewal, rebasing, or repair in the oldest age group
(>89) (NS) (Table 5).
Oral hygiene
Oral hygiene was far from adequate (Table 6), with the highest
dental and denture plaque scores in the oldest age group
(>89 years of age) (NS). The mean dental plaque observed
in the oldest age group was 2.2 (SD 0.8), and in the same age
group in 43 % of dentures, at least 25 % of the surface was
covered with plaque.
Significant differences in dental plaque score were ob-
served between care dependency groups with the highest
mean score in persons with the highest levels of care depen-
dency B (2.3; SD 0.68), C (2.0; SD 0.85), Cd (2.3; SD (0.77),
A (1.8; SD 1.09), and O (1.5 SD 0.95) (p < 0.001). Nursing
home residents 65 years of age or more showed higher dental
plaque levels (2.1; SD 0.83) as compared to their counterparts
residing at home (1.5; SD 1.03) (p < 0.001). Within the study
Table 4 Oral mucosal lesions, by age group and sex
≥65 years n = 576 65–79 years n = 164 80–89 years n = 332 >89 years n = 80 Men n = 173 Women n = 403
Proportion (%) with
No lesion(s) 74.0 73.0 74.0 74.0 74.0 73.7
Denture ulcer 10.0 8.6 11.8 5.0 10.4 9.7
Irritation fibroma 1.4 1.2 1.5 1.3 <1.0 1.7
Flabby ridge 5.2 5.5 5.1 5.0 5.2 5.2
Palatal hyperemia 2.3 1.8 2.4 2.5 2.9 2.0
Hyperkeratosis <1.0 0.0 <1.0 1.3 0.0 <1.0
White lesions <1.0 0.0 <1.0 1.3 <1.0 <1.0
Angular cheilitis 5.6 3.7 7.2 2.5 8.1 4.5
Apthous lesion(s) 1.6 1.8 1.5 1.3 1.2 1.7
Fistula <1.0 0.0 <1.0 0.0 0.0 0.7
Other 8.5 10.4 6.6 12.5 5.8 7.9
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group of denture wearers, the proportion of persons with den-
tures Bwith no visible plaque^ was lowest for the oldest age
group (>89) compared to the other age groups. In this oldest
age group, Bno visible plaque^ was found at 27 % for the
upper jaw and 21 % for the lower jaw (NS).The proportion
of denture wearers with dentures with Bno visible plaque^was
the lowest for persons with care dependency Cd (26 % upper
denture; 24 % lower denture), while the highest proportion
was observed for people with care dependency A (42 % upper
denture; 33 % lower denture). These differences were only
significant for dentures in the upper jaw of people with
care dependency Cd compared to O (p = 0.01) and to C
((p = 0.03) and for people with care dependency O com-
pared to B (p = 0.03).
No significant gender differences were found for the dental
and denture plaque levels and the presence of calculus on the
remaining teeth or dentures.
Discussion
This national survey on oral health of frail older people aged
65 years or more, conducted for the first time in Belgium,
demonstrated a high objective oral health treatment need with
a high number of decayed teeth and exposed root surfaces and
a high proportion older people suffering from periodontal in-
flammation. Furthermore, oral hygiene levels were poor and
seemed to be influenced by age, care dependency, and place of
Table 5 Prosthetic status and treatment need, by age group
≥ 65 years 65–79 years 80–89 years > 89 years
n = 625 n = 618 n = 180 n = 181 n = 354 n = 348 n = 91 n = 89
Upper Lower Upper Lower Upper Lower Upper Lower
Proportion (%) with no dentures 23.8 36.3 32.2 48.6 22.1 32.2 14.3 27.0
One fixed bridge <1.0 1.6 <1.0 2.2 1.4 1.7 0.0 0.0
More than one fixed bridge 2.2 <1.0 1.7 0.0 2.5 1.2 2.2 2.3
Bridge(s) and acrylic resin based partial denture <1.0 <1.0 1.1 5.5 <1.0 0.0 4.4 1.1
Bridge(s) and metal frame partial denture <1.0 <1.0 0.0 0.0 0.0 <1.0 0.0 1.1
Acrylic resin-based partial denture 5.8 7.8 5.6 0.0 6.2 9.2 2.2 6.7
Metal frame partial denture 3.2 5.0 2.8 0.0 3.8 4.9 0.0 5.6
Removable complete denture 58.9 41.4 50.0 32.0 59.9 44.0 72.5 50.6
Denture(s) not worn 4.2 5.7 5.6 6.1 3.7 5.8 3.3 4.5
Prosthetic treatment need (%) n = 443 n = 443 n = 111 n = 111 n = 260 n = 260 n = 72 n = 72
Denture renewal is necessary 15.6 17.2 15.3 17.1 14.2 17.3 20.8 16.7
Denture renewal is advisable 9.3 7.5 3.6 2.7 3.1 4.6 8.3 8.3
Denture relining or rebasing is necessary 5.4 6.1 9.0 8.1 3.1 4.6 8.3 8.3
Denture relining or rebasing is advisable 8.8 7.9 10.8 8.1 8.5 8.5 6.9 5.6
Denture repair is indicated 2.1 0.0 1.8 0.0 2.3 0.0 1.4 0.0
Table 6 Dental and denture hygiene, by age group
≥65 years 65–79 years 80–89 years >89 years
Dental plaque n = 429 n = 131 n = 239 n = 59
Mean (SD) 1.9 (1.0) 1.9 (1.0) 1.8 (1.0) 2.2 (0.8)
Proportion of dentate with calculus (%) 57.0 60.0 55.0 58.0
Proportion of persons with dentures with (%) n = 410 n = 365 n = 102 n = 88 n = 238 n = 215 n = 70 n = 62
Upper Lower Upper Lower Upper Lower Upper Lower
No visible plaque 39.5 35.3 41.2 36.4 42.4 39.1 27.1 21.0
Plaque (<25 %) 26.8 24.4 26.5 22.7 28.6 25.6 21.4 22.6
Plaque (>25 < 50 %) 17.6 17.8 16.7 17.8 16.4 16.3 22.9 27.4
Plaque (>50 %) 11.7 9.1 11.8 5.7 9.2 8.4 20.0 16.1
Calculus 39.6 43.8 31.6 36.9 40.2 44.2 49.3 51.7
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residence. In general, the worst oral hygiene and health was
observed in the oldest age group (>89). This indicates that,
within the high-risk group of frail older people 65 years of age
or more, the oldest ones are at the highest risk for developing
oral health diseases, and this should be taken into account in
oral health care management.
The observed mean D3MFT (20.3) is lower than the data
reported for Europe (24.5) [34], Norway (23.2–2004) [8],
Austria (25.6–2007) [15], and Germany (26.4–1990/1993)
[18]. A restorative index of less than one in 77 % of the cases
in the present study, however, indicates the largest treatment
backlog as compared to other European countries (France,
Germany, Sweden, and UK). This can possibly be explained
by a high proportion (53.4 %) of older people with dementia
syndrome within this study sample. As recently demonstrated
by Ellefsen et al. [20], the prevalence of caries is higher in
people with dementia syndrome.
Data regarding periodontal disease in the oldest age groups
are scarce and difficult to compare or to interpret.
Nevertheless, the present data accord with data of epidemio-
logical studies in Norway [8], Austria [15], and Germany [11]
indicating a high prevalence of gingival inflammation.
Although removable dentures were considered when
counting occluding pairs, a very small number of occluding
pairs was observed in the study sample possibly hampering
oral functionality, with a negative effect on nutrition. This was
already shown by Lamy et al. reporting in 2009 that the poor
status of prosthetic oral health among nursing home residents
in Liège (Wallonia, Belgium) resulted in an increased difficul-
ty in eating hard foods, an increased consumption of mashed
food, and a decreased pleasure in eating, with a higher risk of
malnutrition [16]. A recent systematic review confirms tenta-
tive evidence of an independent association between oral
health status and malnutrition in the older people residing in
long-term care facilities [35]. Malnutrition in the older popu-
lation is strongly underestimated and even minimized.
However, many stakeholders start to recognize this problem.
The findings concerning oral mucosal lesions compare well
with those in the literature, showing that oral mucosal lesions
in edentulous or partly edentulous older individuals are main-
ly related to ill-fitting or inadequately maintained removable
dentures. In European surveys [8, 9, 17, 21, 22, 24, 36], the
proportions of older people residing in nursing homes with
oral mucosal lesions varied between 10.8 and 48 %.
The naturalness and characteristic property of an observa-
tional field study can jeopardize the validity leading to some
limitations in the study. At the end of the survey, several dental
examiners mentioned difficulties in examining the frailest per-
sons and, in some cases, an examination was impossible. This
substantial loss of data gives rise to response bias with an
underestimation of the treatment backlog.
The observed proportion of edentate older persons residing
in Belgian nursing homes was 32 %. This contrasts sharply
with the 64% of edentate older persons in a random sample of
359 older persons residing in 19 nursing homes in the Ghent
region as reported in a previous study [6]. The discrepancy
between the results of the present Belgian study and the
Flemish one [6] can be explained possibly by geographical
and socio-economic differences and/or selection bias, suppos-
ing that in the present study, dentate older people were more
likely to participate.
Despite a global response rate of 73 %, the study results
should be interpreted with caution. The response rate was
100 % for nursing home residents while for older people liv-
ing at home the response rate differed markedly between
Flanders (71 %), Brussels (13 %), and Wallonia (0 %)
resulting in an overall response rate of 52 %. Within the study
sample, only 33 % of the participants were living at home.
This proportion does not correspond to the ratio found in the
population (53 %), thus resulting in a substantial unintended
under sampling of this study group. Furthermore, none of the
persons examined who were living at home supported by dai-
ly domiciliary care were from theWalloon region and just two
were from Brussels. The results of this study group are there-
fore only representative for Flanders. In this survey, the pro-
portion of older people with different care dependency scales
corresponded with the proportion of people aged 65 years or
more in the population.
Furthermore, it should be mentioned that the mean age of
83.0 years was biased by an unintended oversampling of the
age group 80–89 years of age. Since it was nearly impossible
to record exact selection probabilities for the different selec-
tion parameters, a weighted analysis was not possible.
This national data collection on the oral health condi-
tions of frail older people aged 65 or more was ordered by
the NIHDI to gain essential information, which is required
to direct appropriate oral health care strategies. The re-
sults emphasize the need for an integrated oral health care
programme which includes tailor-made oral health promo-
tion by implementing procedures, protocols, standard
practices and facilities for oral health care delivery for
all the frail older regardless of their place of residence.
A great need exists for more coordinated, seamless con-
tinuing oral health care services, tailored to the actual
needs of older individuals, both at home or in institutions
[37, 38]. Accordingly, dentists and dental auxiliaries
should be encouraged and funded to offer on-site domi-
ciliary oral health care.
It is beyond all doubt that oral health care should start with
good daily oral hygiene, the cornerstone of preventive oral
health care. The importance of oral hygiene has recently been
highlighted in a systematic review which has shown the pos-
itive, preventive effects of oral hygiene on pneumonia and
respiratory tract infections in older people who are
hospitalised and older nursing home residents. The absolute
risk reduction (ARR) ranged from 6.6 to 11.7 % [39].
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Since most oral diseases can be prevented by appropriate
care, identifying older adults before they manifest oral health
deterioration is important. Nevertheless, the results of the
Health Interview Survey in Belgium [40] showed that with
increasing age, decreasing proportions of the participants
had visited the dentist during the last 12 months. Therefore,
more efforts should be made by all (oral) health care workers
to promote regular dental visits by all age groups, emphasising
the need for adults aged 55 or older.
Conclusions
This survey demonstrated a very poor oral health status
among care-dependent older people aged 65 years or more,
and age, residence, and care dependency seemed to have some
influence. Oral hygiene was poor and an important need for
restorative and prosthetic treatment was observed. Therefore,
the development of new models of oral health services, with
emphasis on prevention and health promotion, improved ac-
cess to professional dental care, and on-site oral health care
delivery emerges. However, in the long term, the most impor-
tant future challenge of oral health care policies is to identify
older adults before they begin to manifest such oral health
deterioration. Regular dental visits should be strongly promot-
ed by all (oral) health care workers during the lifespan of all
persons including older adults.
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